(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

i am iiiiini n uiui urn urn mil mi 1 11 niniu urn inn urn m» mi nmu mi mi mi 


(19) World Intellectual Property 
Organization 

International Bureau 



(43) International Publication Date 
14 April 2005 (14.04.2005) 


PCT 


(10) International Publication Number 

WO 2005/034277 Al 


(51) International Patent Classification 7 : H01M 008/12 

(21) International Application Number: 

PCT/US2004/032038 

(22) International Filing Date: 

29 September 2004 (29.09.2004) 


(25) Filing Language: 

(26) Publication Language: 


English 
English 


(30) Priority Data: 
60/506,936 


29 September 2003 (29.09.2003) US 


(71) Applicant (for all designated States except US): UTC 
FUEL CELLS, LLC [US/US]; 195 Governor's Highway, 
South Windsor, CT 06074 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WARRIER, Sunil, 

G. [US/US]; 95 Greenview Terrace, Middletown, CT 
06457 (US). YAMANIS, Jean [US/US]; 17 Pasture Lane, 
Glastonbury, CT 06073 (US). MAUS, James, R. [US/US]; 

| Old Saybrook, CT (US). OLSOMMER, Benoit [US/US]; 

I South Glastonbury, CT (US), 


(74) Agents: LAPOINTE, Gregory, P. et al.; 900 Chapel 
Street, Suite 1201, New Haven, CT 06510-2802 (US). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 

zw. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, 
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TD, TG). 


Published: 

— with international search report 


[Continued on next page] 
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S (57) Abstract: A fuel cell stack (10) formed of repeating cell units (12) is provided wherein each cell unit (12) includes a fuel cell 
© having an anode side (20) and a cathode side; an anode side frame (18); a cathode side frame (28); a bipolar plate (24) having an 
<S anode side interconnect adjacent to the anode side frame (28) and a cathode side interconnect adjacent to a cathode side frame (28) 

Oof an adjacent cell unit; a cathode side seal (26) between the fuel cell and the cathode side frame; and an anode side seal (22) between 
^ the fuel cell and the anode side frame, wherein at least one of the anode side interconnect, cathode side interconnect, anode side seal 
(22) and cathode side seal (26) are compliant. 
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COMPLIANT STACK FOR A PLANAR SOLID OXIDE FUEL CELL 

Cross Reference to Provisional Application 
[0001] This application claims the benefit of 
provisional application serial number 60/506,936, filed 
September 29, 2 003. 

Background of the Invention 
[0002] The invention relates to planar solid oxide fuel 
cell stacks and, more particularly, to^a planar-solid oxide 
fuel cell stack design which increases the footprint of the 
stack. 

[0003] It is essential from a cost reduction standpoint 
to increase the footprint of the solid oxide fuel cell 
(SOFC) stack in the plane of the cell. One approach to 
achieve increased in-plane footprint is to manufacture and 
use SOFC cells that are bigger in length and/or width in 
the stack. Manufacturing ceramic SOFC cells of increased 
dimensions and maintaining them within acceptable 
tolerances is fundamentally difficult. At this time, 
several cell manufacturers produce 4" x 4" (10 cm x 10 cm) 
cells within acceptable dimensional tolerances. Cell 
manufacturers are presently attempting to produce 8" x 8" 
(20 cm x 20 cm) cells within acceptable tolerances. 
Acceptable tolerances are needed to prevent cell fracture 
during assembly and operation of the stack. Fundamentally, 
from a ceramics processing standpoint further increases in 
size are extremely difficult and probably not cost 
effective. In addition, the use of larger cells raises 
thermal management concerns during electrochemical 
operation since the temperature across the cell increases 
with increasing in-plane cell dimension. Prior art stack 
designs typically use bonded glass seals and/or non- 
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compliant interconnects and, therefore, are not easily 
amenable to in-plane foot print scale-up. 

[0004] It is clear that the need exists for a fuel cell 
stack structure which reliably provides for in-plane foot 
print scale up, and it is the primary object of the present 
invention to provide such a structure. 

[0005] Other objects and advantages of the invention 
will appear herein below. 

Summary of the Invention 

[0006] According to the invention, the foregoing objects 
and advantages have been readily attained. 

[0007] According to the invention a fuel cell stack is 
provided which is formed of repeating cell units, wherein 
each cell unit comprises: a fuel cell having a trilayer 
structure of an anode electrode, an electrolyte, and a 
cathode electrode; an anode side frame; a cathode side 
frame; a bipolar plate having an anode side interconnect 
adjacent to the anode side frame and a cathode side 
interconnect adjacent to a cathode side frame of an 
adjacent cell unit; a cathode side seal between the fuel 
cell and the cathode side frame; and an anode side seal 
between the fuel cell and the anode side frame, wherein at 
least one of the anode side interconnect, anode side seal, 
cathode side interconnect, and cathode side seal are 
compliant, or pairs of anode side interconnect and anode 
side seal may be compliant and pairs of cathode side 
interconnect and cathode side seals may be compliant. 
[0008] According to the present invention, the anode 
side frame has one or more openings into which are seated 
one or more fuel cells. Each of these openings includes a 
groove, or recessed landing, along the perimeter thereof. 
The anode side seal and fuel cell both seat in the recessed 
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land of the anode frame opening, and the anode electrode of 
the fuel cell faces the anode seal. The cathode side frame 
and cathode side seal include one or more openings, these 
openings being coincident with the openings in the anode 
side frame. 

[0009] Use of compliant seals and interconnects allows 
for a floating fuel cell which is more likely to resist 
stresses even at large in-plane foot prints, and also 
allows for avoidance of cell fracture from excessive 
compressive loads on the cell as well. 

Brief Description of the Drawings 
[0010] A detailed description of preferred embodiments 
of the present invention follows, with reference to the 
attached drawings, wherein: 

[0011] Figure 1 is a perspective view of a solid oxide 
fuel cell stack according to the invention; 

[0012] Figure 2 is an exploded view of a cell stack 
assembly according to the invention; and 

[0013] Figure 3 is an exploded view of an alternative 
embodiment of a cell stack assembly according to the 
invention. 

Detailed Description 
[0014] The invention relates to a fuel cell assembly 
and, more particularly, to a solid oxide fuel cell (SOFC) 
stack having improved compliant interconnects and/or seals. 
[0015] While the 3D compliant stack (i.e., compliant in 
all three orthogonal axes) of the present invention can 
inherently tolerate larger cell dimensional variations and 
thereby allow the use of larger cells of lower dimensional 
quality than prior art systems, the 3D compliant stack also 
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enables in-plane foot print scale-up in ways not achieved 
before. The main reason for increased in-plane foot print 
scale-up capability is that the stack is 3D compliant 
through at least one of, and preferably all of, compliant 
interconnects, compliant seals and resulting floating 
cells. As a result, dimensional variations that exist from 
one cell to another can be tolerated, because the compliant 
design limits local bending stresses to avoid fracture of 
the brittle ceramic cell. Floating, as used herein, means 
mechanically decoupled so that forces are not transferred 
from one component to another. For example, floating may 
be achieved by permitting relative motion between portions 
of the structure. 

[0016] In addition, the seals are floating and do not 
bond to the mating surfaces. As a result, thermal 
gradients in the cell as well as thermal stresses during 
transient conditions are accommodated by relative movement, 
or sliding, in the seal area. 

[0017] Compliant structures are described in greater 
detail in commonly assigned U.S. Patent Application Serial 
Number 10/758,843, filed January 16, 2004, and incorporated 
herein by reference. Compliant seals are further described 
in commonly assigned U.S. Patent Application Serial Number 
10/622,881, filed July 18, 2003, and incorporated herein by 
reference . 

[0018] This invention provides a stack design having the 
ability for increased in-plane footprint and thereby 
enables cost effective scale-up of SOFC stacks. As an 
added benefit, the stack design permits cooling channels to 
be built integral to the assembly thereby minimizing 
thermal gradients across the cell and enhancing stack 
structural robustness and electrochemical stability. 
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[0019] A fuel cell stack may be formed of repeating cell 
units, wherein each cell unit comprises: a fuel cell having 
a trilayer structure of an anode electrode, an electrolyte/ 
and a cathode electrode; an anode side frame; a cathode 
side frame; a bipolar plate having an anode side 
interconnect adjacent to the anode side frame and a cathode 
side interconnect adjacent to a cathode side frame of an 
adjacent cell unit; a cathode side seal between the fuel 
cell and the cathode side frame; and an anode side seal 
between the fuel cell and the anode side frame, wherein at 
least one of the anode side interconnect, anode side seal, 
cathode side interconnect, and cathode side seal are 
compliant, or pairs of anode side interconnect and anode 
side seal may be compliant and pairs of cathode side 
interconnect and cathode side seals may be compliant. 

[0020] According to the present invention, the anode 
slide frame has one or more openings into which are seated 
one or more fuel cells. Each of these openings includes a 
groove, or recessed landing, along the perimeter thereof. 
The anode side seal and fuel cell seat in the recessed land 
of the anode frame opening, and the anode electrode of the 
fuel cell faces the anode seal. The cathode side frame and 
cathode side seal include one or more openings, these 
openings being coincident with the openings in the anode 
side frame . 

[0021] Figure 1 shows a cross flow stack 10 consisting 
of several layers of repeating cell units 12. One plane of 
stack 10 is shown where four fuel cells 14 are arranged in 
a substantially square geometry. An anode side frame with 
four openings (similar to a window frame) supports the four 
cells at their perimeters. The anode side frame resembles 
a window frame, wherein each opening has a recessed land or 


5 


WO 2005/034277 


PCT/US2004/032038 


groove along its entire perimeter. The recessed land, 
which will be referred to as a groove, serves as the seat 
of one anode side seal, on top of which one fuel cell seats 
with the anode electrode facing the seal. In this 
arrangement, the fuel cell resembles a pane of a window. 
[0022] Figure 2 is an expanded view of the repeating 
cell unit 12 of stack 10. Fuel cells 14 seat in a groove 
16 in an anode frame 18 where the anode side 2 0 of cell 14 
is sealed using a compliant seal 22. A 3D compliant 
bipolar plate 24, compliant cathode seal 26 and cathode 
frame 28 are assembled as shown in Figure 2. Since fuel- 
cells 14_are inside groove 16 and sealed using two 
compliant seals 22, 26, the cells are not subjected to the 
clamping load normally exerted on the frame and as such the 
cells are referred to as floating cells. The heights of 
interconnects, seals, grooves and frame are formed, net- 
shape processed, or machined to accept a nominal thickness 
of the cell thickness. The floating cell and the 3D 
compliance of the seals and interconnects advantageously 
allows variations in cell thickness and cell curvature to 
be accommodated without cell damage or fracture. 
[0023] In the stack assembly process, thin layers of 
contact or bonding material may be used between the anode 
electrode of fuel cell 14 and the anode side interconnect 
so as to improve electron transfer and minimize the 
interface ohmic resistance. Similarly, thin layers of 
contact or boding material may be used between the fuel 
call electrode and cathode side interconnect. 
[0024] While Figure 2 shows bipolar plate 24, anode 
frame 18 and cathode frame 28 as separate parts, for the 
sake of clarity, these parts can advantageously be bonded 
together by one of several metal- joining processes well 
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known in the art to form a single part. If bipolar plate 
24 and the anode and cathode frames are used as separate 
parts in assembling a stack, then a flat compliant seal 
similar to the cathode side seal shown in Figure 2 may be 
used between the pairs of anode frame -separator plate and 
cathode frame- separator plate. 

[0025] The window-frame stack design shown in Figure 2 
can be manifolded in a number of ways such as 1) external 
fuel and external air manifold, 2) internal fuel and 
external air manifold, 3) internal fuel and internal air, 
and other similar combinations. In the window- frame design 
the external surfaces of the stack are essentially made up 
of the shallow external planes of frames and separator 
plates, which are made of metallic materials. Dimensional 
control of metallic material parts is much better than 
ceramic materials and the window- frame stack design would 
make the application of external fuel and external air 
manifold possible and the external manifolds may be 
expected to lead to lower stack costs. Figure 2 shows 
slots 3 0 for gas stream flow across the cells and the stack 
assuming the stack is externally manifolded. These slots 
are preferably properly sized for flow control across a 
cell plane and between cell planes. 

[0026] Figure 3 shows the use of channels 32 formed into 
the anode and cathode frames to bring in and take out 
cooling fluids. These cooling fluids may be air, fuel, 
water vapor, helium, liquid metals, or any other medium 
that accomplished the function of cooling the stack. In 
one example, endothermic processes such as fuel reforming 
may be done in these channels. These fluid channels may be 
used to integrate the stack with combined heat and power 

(CHP) , numerous bottoming cycles or other thermal 
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management integration options. These channels can be 
manifolded using means commonly known to the industry. 
Those skilled in the art will realize numerous alternate 
ways to arrange the flow fields of the reactants as well as 
the cooling fluid. These commonly known alternate methods 
are within the scope of the invention. 

[0027] The stack in-plane foot print and the fuel cells 
are illustrated in the figures and described in the example 
as of a substantially square, *2x2' array, geometry. It 
will be understood by those skilled in the art that the 
fuel cell arrangement in a window frame architecture can be 
a x MxN' array, wherein X M' fuel cells are disposed in one 
direction and *N' fuel cells are disposed in a 
substantially orthogonal direction and all the space is 
filled. 

[0028] In another embodiment, the stack may have an in- 
plane foot print geometry that is rectangular (as with a 
4x2 cell arrangement) . In another embodiment, the stack 
consists of rectangular cells arranged in an equal matrix 

(e.g. 4x4) or non-equal matrix (e.g. 4x2). In another 
embodiment, the stack may have a substantially circular or 
oval in-plane foot print and may use substantially circular 
or oval shaped cells. Although 4x4 and 4x2 matrices are 
used as examples, the in-plane foot print may be of any 
number of cells. Those skilled in the art will realize 
numerous alternate ways to arrange the cells and the in- 
plane footprint. These commonly known alternate methods 
are also covered by the invention. 

[0029] The invention disclosed herein may serve to 
reduce stack cost, permit multiple cells to be assembled to 
increase stack in-plane foot print using a window frame 
type architecture, permit flow of cooling fluids to 
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mitigate thermal gradients and manage thermal s across the 
in-plane footprint . The planar SOFC stack design disclosed 
in this invention enables the fabrication of larger name 
plate capacity stacks and leads to the assembly of large 
capacity integrated energy systems such as cooling heat and 
power (CHP) products for commercial buildings and SOFC gas 
turbine hybrid systems of high efficiency for distributed 
generation of electric power. 

[0030] It is to be understood that the invention is not 
limited to the illustrations described and shown herein, 
which are deemed to be merely illustrative of the best 
modes of carrying out the invention, and which are 
susceptible of modification of form, size, arrangement of 
parts and details of operation. The invention rather is 
intended to encompass all such modifications that are 
within its spirit and scope as set forth in the appended 
claims . 
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WHAT IS CLAIMED IS; 

1. A solid oxide fuel cell stack formed of repeating cell 
units, each cell unit comprising: 

a solid oxide fuel cell having an anode side and a 
cathode side; 

an anode side frame ; 

a cathode side frame; 

a bipolar plate having an anode side interconnect 
adjacent to the anode side frame and a cathode side 
interconnect adjacent to a cathode side frame of an 
adjacent repeating cell unit; 

a cathode side seal between the fuel cell and the 
cathode side frame; and 

an anode side seal between the fuel cell and the anode 
side frame, wherein at least, one of the anode side 
interconnect, cathode side interconnect, anode side seal 
and cathode side seal are compliant. 

2. The solid oxide fuel cell stack of claim 1, 
wherein the anode side interconnect and the cathode side 
interconnect are compliant in three dimensions. 

3. The solid oxide fuel cell stack of claim 1, 
wherein each of the anode side interconnect, cathode side 
interconnect, anode side seal and cathode side seal are 
compliant . 

4. The solid oxide fuel cell stack of claim 1, 
wherein the anode side frame and the cathode side frame 
define openings within which fuel cells are held. 
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5. The solid oxide fuel cell stack of claim 4, 
wherein the openings have a size of at least about 4 inches 
by 4 inches . 

6. The solid oxide fuel cell stack of claim 4, 
wherein the openings have a size of at least about 8 inches 
by 8 inches. 

7. The solid oxide fuel cell stack of claim 1, 
wherein the anode side frame has a groove formed on an 
anode facing side, and wherein the anode side seal is a 
compliant seal positioned in the groove. 

8. The solid oxide fuel cell stack of claim 1, 
wherein the cathode side seal comprises a substantially 
flat compliant member. 

9. The solid oxide fuel cell stack of claim 8, 
wherein the anode side frame has a plurality of openings 
within which anode side seals and fuel cells are 
positioned, and wherein the cathode side frame and the 
cathode side seal include openings coinciding with the 
openings in the anode side frame. 

10. The solid oxide fuel cell stack of claim 8, 
wherein the cathode side frame has a plurality of openings 
within which fuel cells are positioned, and wherein the 
anode side frame and anode side seal include openings 
coinciding with the opening in the cathode side frame. 
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11. The solid oxide fuel cell stack of claim 1, 
wherein the anode side frame and the cathode side frame 
further comprise slots for allowing flow of reactants to 
the fuel cell . 

12. The solid oxide fuel cell stack of claim 11, 
wherein the anode side frame and the cathode side frame 
have openings within which fuel cell elements are 
positioned, and wherein the slots are positioned around the 
openings . 

13. The solid oxide fuel cell stack of claim 1, 
further comprising cooling fluid channels in the anode side 
frame and the cathode side frame. 

14. The solid oxide fuel cell stack of claim 13, 
wherein the fuel cell stack is adapted to carry out 
endothermic processes in the cooling fluid channels. 

15. The solid oxide fuel cell stack of claim 1, 
wherein the cathode side seal includes a floating seal . 

16. The solid oxide fuel cell stack of claim 1, 
wherein the anode side seal includes a floating seal . 

17. A solid oxide fuel cell stack formed of repeating 
cell units, each cell unit comprising: 

a solid oxide fuel cell having an anode side and a 
cathode side; 

an anode side frame; 
a cathode side frame; 
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a bipolar plate having an anode side interconnect 
adjacent to the anode side frame and a cathode side 
interconnect adjacent to a cathode side frame of an 
adjacent repeating cell unit; 

a cathode side seal between the fuel cell and the 
cathode side frame; and 

an anode side seal between the fuel cell and the anode 
side frame, wherein at least one pair of the anode side 
interconnect and anode side seal, and cathode side 
interconnect and cathode side seal are compliant^ 
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